Abstract
During investigation of airborne microbial diversity in smog at the foot of Xiangshan Mountain, Beijing, China, several tryptic soy agar (TSA; Difco) plates were exposed to the air in open ground at the foot of the mountain at 1.5 m above ground level for 15 min. Several novel bacterial strains were isolated and characterized taxonomically after incubation at 30 C. One of these bacteria isolates, a Paracoccuslike bacterial strain (designated 011410 T ), is described in this study. The genus Paracoccus was proposed by Davis et al. [1] belonging to the Alphaproteobacteria. The description has been emended several times [2] [3] [4] [5] . At the time of writing, more than 43 species (www.bacterio.net/paracoccus.html; [6] ) belonging to the genus Paracoccus have been isolated from various environments, including soil, sediment, seawater, sea sand, biofilter, sludge, fish and clinical specimens of patients. The genus is characterized as Gramreaction-negative and catalase-and oxidase-positive, with a high metabolic versatility. All species contain ubiquinone 10 (Q-10) as the predominant respiratory quinone and C 18 : 1 !7c as the major fatty acid. Strain 011410
T was isolated on a TSA plate and incubated at 30 C for 48 h. For long-term storage, a pure culture was mixed with nutrient broth containing 15 % (v/v) glycerol and maintained at À80 C. Cell morphology and motility were observed by phase-contrast microscopy (HFX; Nikon) and transmission electron microscopy (JEM-1230; JEOL). Gram staining was performed following the method as described by Doetsch et al. [7] . Growth with 0-10 % (w/v) NaCl was investigated by supplementing appropriate concentrations of NaCl [0-10.0 % (w/v) at 1 % intervals] in marine broth 2216 (MB) prepared according to the formula of the BD Difco medium except that NaCl was excluded. Growth at different temperatures (4, 10, 20, 30, 37, 41, 46 and 50 C) was measured in MB to determine the optimal temperature and temperature range for growth. The pH range for growth in MB was measured from 4.5 to 10.0 with an interval of 0.5 pH and 40 mM MES (pH 4.5-6.0), PIPES (pH 6.5-7.5), Tricine (pH 8.0-8.5) and CAPSO (pH 9.0-10.0) were respectively added to maintain stable pH systems [8] . All results were recorded after incubation for 7 days at 30 C except the temperature test. Accumulation of poly-bhydroxybutyrate granules was observed under light microscopy after staining with Sudan black [9] . Catalase and oxidase activities were measured as recommended by Smibert and Krieg [10] . Hydrolysis of starch, aesculin, gelatin and Tweens 20, 40 and 80 was determined as described previously [11, 12] . Sensitivity to antibiotics was tested after spreading cells (0.5 McFarland standard) on marine agar 2216 (MA; Difco) on to which were palced antibiotic discs: penicillin G (10 U), oxacillin (1 µg), ampicillin (10 µg), 
Valine arylamidase (2 µg). The effects of the antibiotics on cell growth were assessed after 2 days of incubation at 30 C. The diameter of the antibiotic discs was 8 mm. The strain was considered susceptible when the diameter of the inhibition zone was >13 mm, intermediate at 10-12 mm and resistant at <10 mm [13, 14] . Anaerobic growth was carried out with an AnaeroPack (Mitsubishi) using potassium nitrate as a potential electron acceptor with a sealed chamber (Sheldon Manufacturing) by incubation of the strains at 30 C for 1 week. Physiological characteristics were determined with API 20NE, API 50CH and API ZYM systems (bioM erieux) and Biolog GN2 MicroPlate panels according to the manufacturers' instructions.
The 16S rRNA gene was amplified by PCR as described previously [15, 16] using universal primers 8F (5¢-AGAG TTTGATCCTGGCTCAG-3¢) and 1525R (5¢-AAGGAGG TGATCCAGCC-3¢). The PCR products were purified and sequenced by Shanghai Sangon using the dideoxy chain termination method [17] with an ABI 3730XL device (Applied Biosystems). The primers used for full sequencing were as follows: 8F, 1525R, 341F (5¢-CCTACGGGAGGCAGCAG-3¢), 907F (5¢-AAACTCAAAKGAATTGACGG-3¢), 536R (5¢-GTATTACCGCGGCTGCTG-3¢) and 1100R (5¢-GGG TTGCGCTCGTTG-3¢). Similarity calculations for the 16S rRNA gene sequence were carried out by pairwise alignment using the EzTaxon server (www.eztaxon.org/; [18] ). Phylogenetic trees were reconstructed by the maximum-likelihood [19] , neighbour-joining [20] and minimum-evolution [21] methods in the MEGA5.1 [22] software package with bootstrap values based on 1000 replications.
Isoprenoid quinones were examined as described by Tindall [23] using TLC and HPLC [24] with the quinones of the reference type strains as standards. For fatty acid analysis, strain 011410
T and the reference type strains, except for Paracoccus koreensis Ch05
T with TSA (Oxoid), were grown on MA at 30 C for 24 h, the third-quadrant cells at exponential phase were then harvested and analysed by using the standard protocol of MIDI (Sherlock Microbial Identification System) as described by Sasser [25] and Sherlock Microbial Identification System operating manual (version 6.2) and separated by GC (Agilent GC 6890).
Polar lipids were extracted and analysed by two-dimensional TLC according to Minnikin et al. [26] and Kates et al. [27] , with chloroform/methanol/water (65 : 25 : 4, by volume) for the first dimension and chloroform/methanol/ acetic acid/water (85 : 12 : 15 : 4, by volume) for the second dimension. Individual polar lipids were identified by spraying with phosphomolybdic acid, molybdenum blue, ninhydrin and a-naphthol reagents [28] and with Dragendorff's reagent. The DNA G+C content was determined as described by Mesbah et al. [29] using reversedphase HPLC.
Cells of strain 011410
T were Gram-reaction-negative, facultatively anaerobic, oval-shaped (1.2-1.5Â0.7-0.9 µm) with two flagella (Fig. S1 , available in the online Supplementary Material). Colonies on TSA were circular, convex, smooth and orange. Growth occurred at 4-41 C (optimum 30 C), at pH 4.5-10.0 (optimum pH 8.0) and at 0-10 % (w/v) NaCl (optimum 0-2 % NaCl). Detailed phenotypic properties of strain 011410
T are shown in Table 1 , together with those of other Paracoccus species. In the susceptibility test, strain T (96.27 %). In the phylogenetic tree reconstructed using the maximum-likelihood algorithm, strain 011410 T fell within the clade comprising species of the genus Paracoccus, clustering with the type strain of P. sediminis (Fig. 1) . The relationship between strain 011410
T and the genus Paracoccus was also found in trees reconstructed using the neighbour-joining and minimum-evolution algorithms.
Strain 011410
T contained Q-10 (94.7 %) as the major respiratory quinone, which is common in Paracoccus, and Q-9 (5.3 %) as a minor component. The fatty acid profile of strain 011410
T is shown in Table S1 , together with those of related type strains. The major fatty acid found in strain 011410
T was C 18 : 1 !7c, which is characteristic of members of the genus Paracoccus [4] . The fatty acid profiles of the five strains were similar, but the absence of unknown ECL 11.799 distinguished strain 011410
T from related type strains. The polar lipid profile of strain 011410 T is shown in Fig. S2 . Diphosphatidylglycerol was one of the major polar ‡Data from: La et al. [33] . §Data from: Davis et al. [1] , Nokhal et al. [13] and Ludwig et al [2] . (Table 1) . The DNA G+C content of strain 011410 T was 63.5 mol%.
IP
In conclusion, cells of strain 011410 T were characterized as Gram-reaction-negative, facultatively anaerobic, ovalshaped (1.2-1.5Â0.7-0.9 µm), and catalase-and oxidasepositive. These characteristics, as well as the major fatty acid T and related taxa. Bootstrap values (>50 %) based on 1000 replications are shown at branch nodes. Filled circles indicate that the corresponding nodes were also recovered in the trees generated with the neighbour-joining and minimum-evolution algorithms. Pseudooceanicola atlanticus 22II-s11g
T and Pseudooceanicola marinus AZO-C T formed the outgroup. Bar, 0.02 substitutions per nucleotide site.
and isoprenoid quinone, are typical of the genus Paracoccus [5] . At the same time, some characteristics shown in Table 1 indicate clearly that strain 011410 T possesses distinct phenotypic and chemotaxonomic profiles that distinguish it from related species of the genus, including motility, hydrolysis of starch, activity of a-chymotrypsin and assimilation of malic acid and adipic acid. Furthermore, the highest 16S rRNA gene sequence similarity with other species of the genus Paracoccus was lower than 97 %, which was considered as a species boundary [18] . Therefore, on the basis of the physiological and chemotaxonomic traits presented, strain 011410
T should be classified as representing a novel species of the genus Paracoccus, for which the name Paracoccus aerius sp. nov. is proposed. 
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